Abstract -Models of folate cofactors have been designed for the biomimetic transfer of a C,-unit at the oxidation levels of formate, formaldehyde and methanol. Suitable models of 5,lOmethylenetetrahydrofolate and 5-methyltetrahydrofolate have been employed for investigating mechanistic aspects of the thymidylate synthase and methionine synthase reactions. The functional capability of carbon-transfer of the models has been applied to the evolution of a strategy for practical synthesis.
Our laboratory has been engaged in designing models of the folate cofactors and investigating their chemistry with two parallel objectives (ref. 2) . These being, on one hand, achieving a better understanding of molecular mechanisms of the enzymic processes in which these cofactors play an essential role, and, on the other, the development of strategies for chemical synthesis based on the reactivity patterns of the cofactors. In the latter context, it should be emphasized that many of the organic cofactors, of which the folates are illustrative, may be regarded as nature's chemical reagents (ref. 3) . These cofactors are consumed, during the biochemical transformation, and have to be regenerated by one or more enzyme-760 U. K. PANDIT catalyzed reactions, for the mediation of the subsequent cycle. This presentation w i l l describe some salient aspects of the studies with models which mimic three folate cofactors, namely, 5,lO-methenyltetrahydrofolate (3), 5,lO-methylenetetrahydrofolate (4) and 5-methyltetrahydate (9, (Fig. 2) . It may be noted that these tetrahydrofolate cofactors incorporate the transferable carbon unit at the oxidation levels of formate, formaldehyde and methanol. Models of general structures 6 , 7 and 8 have been designed by us to simulate the functions of the cofactors 3, 4, and 5, respectively (Fig. 2) . These systems can be prepared conveniently from readily available starting materials and may be employed as shelf reagents (ref. 4) ; two of them being commercially available at present (ref. 5). In designing models 6 and 7, the simulation of the reduced imidazole systems of the cofactors, with its unsymmetrically substituted nitrogens, was considered essential for the role of the models as potential C,-unit transfer reagents. In case of model 8, the functional significance of the pterin moiety in cofactor 5 is emphasized. 5.10-Methe nvltetrahvdro folate Model Mediated Carbon T ransfer. The reactions of imidazolinium salt 9, described in Fig. 3 , are illustrative of the functional potential of the 5,lO-methenyltetrahydrofolate models (ref. 6). Both monofunctional and bifunctional nucleophiles extrude the formate carbon from the model to result in the formation of the corresponding rrun&er-producfs in high yields. The ability of the models in mediating efficient carbon-transfer at the formate level, is convincingly established by these examples. It will be recognized that the cofactor itself and its models of type 6 , constitute activated formic acid derivatives and as such they extend the arsenal of existing reagents for the introduction of a fonnate carbon. Fig.4 . The transfer to uracil derivatives of type 11 was specifically designed to mimic the carbon-transfer step of the thymidylate synthase (TS) catalyzed transformation of dUMP to dTMP (Fig. 5) . It should be recalled that the enzyme (TS) requires 5,lOmethylenetetrahydrofolate (4) as an essential cofactor (ref. 8). Especially noteworthy in this connection is the role of the cofactor as a reagent for the transfer of both a methylene group and a hydride equivalent. In a further study directed to the simulation of the overall methyl transfer during the TS reaction, the 510-methylenetetrahydrofolate model 16 ( Fig. 7) was developed (ref. 11). Reaction of 16 with uracil derivative 13, in the presence of acid, showed that the model was indeed competent in transferring both a methylene moiety and a hydride equivalent to the substrate. This reaction constitutes the first non-enzymatic precedent of the conversion of a uracil derivative to the corresponding thymine system by a folate cofactor model. In comparing the two intermediates 14 and 15 ( Fig. 6) Svnthetic Methodologv Based on Folate Models. The natural cofactors have evolved to mediate the transfer of a one carbon unit in biological processes.
Once it becomes possible to design cofactor models which can mimic the chemical function of the natural biomolecules, a whole new area of opportunities, based on group transfer from suitably tuned models, opens up for potential synthetic application. The lead reaction represented by the synthesis of tetrahydro P-carboline (Fig. 4) , by transfer of the methylene group of model 10 to tryptamine, has been exploited by us in a general strategy for the synthesis of several heterocyclic systems related to indole alkaloids (ref. 4) . In this context we have recently reported on the stereoselective synthesis of optically active system 18 (ref. 16 ) and on a short highly efficient synthesis of the pentacyclic C(2l)pisomer of the aspidosperma skeleton 19 (ref. 17 , Fig. 9 ).
18
19 Fig. 9 
